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A quantitative and qualitative study of the mycoflora of both 
commercial and industrial sorghum malt was undertaken. Samples 
were collected from three industrial (22 samples) and 10 commercial 
(65 samples) maltsters over a period of three years. Fungal propagule 
counts were made of surface sterilized kernels on four different media 
(potato dextrose agar, acidified Czapeks-Dox medium, malt-salt agar 
and pentachloronitrobenzene medium) using both the dilution plate 
and the whole kernel method. 
Counts were unacceptably high in many samples, especially in 
certain commercial malts. Counts differed between malts from 
different industrial malt producers, some consistently showing higher 
contamination levels than others. Differences were found between the 
dominant fungi occurring in the two malt types and the two evaluation 
methods also gave different results regarding certain taxa. 
In all, 61 different species representing 29 genera were found to 
occur in sorghum malt. Fungi most frequently encountered were: 
Yeasts, Rhizopus rhizopodiformis (Cohn) Zopf, R. oryzae Went & 
Prinsen Geerligs, Aspergillus c/avatus Desmazieres, A. flavus Link, 
Fusarium moniliforme Sheldon, F. moniliforme Sheldon var. 
subglutinans Wollenw. & Reinking, F. chlamydosporum Wollenw. & 
Reinking and Phoma sorghina (Sacc.) Boerema, Dorenbosch & Van 
Kesteren. 
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'n Kwantitatiewe en kwalitatiewe mikologiese studie is gemaak van die 
mikoflora van beide kommersiele en industriele sorghummout. 
Monsters is versamel by drie industriele (22 monsters) en 10 
kommersiele (65 monsters) vervaardigers oor 'n periode van drie jaar. 
Tellings van swampropagules van oppervlakkig gesteriliseerde sade is 
op vier verskillende kweekbodems gemaak (aartappel-dekstrose-agar, 
aangesuurde Czapeks-Dox-medium, pentachloronitrobenseen-medium 
en mout-sout-agar). Seide die verdunningsplaatmetode sowel as die 
heelsaadmetode is gebruik. 
Swampropaguletellings was in heelparty monsters onaanvaarbaar 
hoog, vera I in sommige kommersiele moute. Betreklik groat verskille 
is gevind in die mate van swaminfestasie van mout van verskillende 
industriele vervaardigers, sommige het konsekwent hoe tel lings 
getoon. Verskille is gevind tussen die dominante fungi wat in die twee 
mouttipes voorkom, asook in resultate verkry met die twee 
ondersoekmetodes. 
'n Totaal van 61 verskillende swamspesies, verteenwoordigend van 
29 genera kon in sorghummout aangetoon word. Die wat mees 
algemeen voorgekom het, was: Giste, Rhizopus rhizopodiformis 
(Cohn) Zopf, R. oryzae Went & Prinsen Geerligs, Aspergillus clavatus 
Desmazieres, A. flavus Link, Fusarium moniliforme Sheldon, 
F. moniliforme Sheldon var. subglutinans Wollenw. & Reinking, 
F. chlamydosporum Wollenw. & Reinking en Phoma sorghina (Sacc.) 
Boerema, Dorenbosch & Van Kesteren. 
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Introduction 
Sorghum (Sorghum caffrorum Beauv.) is grown extensively 
in many countries for food and feed and is also used on a 
large scale for the brewing of beer throughout southern, 
central, west and east Africa. Malting conditions (wet grain 
kept at 25°-28°C for 4-6 days) are ideal for the development 
of fungi and the formation of mycotoxins. In South Africa, 
sorghum malt is produced either indoors in a Saladin-type 
malting plant (industrial malt), or outdoors on concrete 
floors (commercial or floor malt, Novellie 1968). Both types 
of malt may sporadically be heavily infested with fungi. The 
fungi found in malt can originate either as contaminants that 
develop in the malting plant during the malting process, or, 
are brought in on contaminated grain. The latter are mainly 
plant pathogenic fungi that develop on plants in the field 
or storage fungi that develop under suboptimal storage 
conditions. 
The object of the present study was to make a quantitative 
and qualitative assessment of those fungal species that occur 
regularly and in dominant numbers in both commercial and 
industrial malt. This information is an essential prerequisite 
for the determination of the possible presence of mycotoxins 
in sorghum malt. 
Mycotoxins such as aflatoxin B1 and zearalenone have 
been shown to occur in home-brewed sorghum beer (Aiozie 
et al. 1980; Lovelace & Nyathi 1977; Martin & Keen 1978), 
while the mycotoxins aflatoxin B1 , alternariol, alternariol 
monomethyl ether, ochratoxin A, sterigmatocystin , T -2 
and zearalenone have been found in sorghum grain (Bhat & 
Rukmini 1980; Elegbede et al. 1982; Schroeder & Hein 
1975; Uraih & Ogbadu 1980; Shotwell et al. 1980; Tripathi 
1973; Rukmini & Bhat 1978; Sauer et al. 1978; Seitz et al. 
1975; Seitz et al. 1975). Diener et al. (1981) have shown that 
toxigenic fungi which can produce unknown toxic metabolites 
also occur in sorghum grain. 
The mycoflora of sorghum seed has been extensively in-
vestigated in different parts of the world. Not only do the 
pre-harvest pathogenic fungi differ from one area to another, 
but also post-harvest conditions may affect the kind and 
concentration of fungi (Petit & Taber 1978). In India, Rai & 
Gupta (1977) found Alternaria tenuis, Curvularia lunata, C. 
lunata var. aeria, Chaetomium globosum, C. bostrychodes 
and Pestalotia spp. to be the most common in stored grain . 
Bhale & Khare (1980) also found C. lunata most commonly 
associated with sorghum seeds. Mathur et al. (1975) found 
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Fusarium moniliforme and C. lunata to predominate , followed 
by F. semitectum, Drechslera sorghicola, D. rostrata and 
Phoma spp. Verma & Khan (1965) listed 23 different species 
isolated from sorghum seed. 
In the United States of America, Swamp eta!. (1962) re-
ported that Alternaria spp. are the most important fungal 
species found on sorghum seed and this was confirmed by 
Castor & Frederiksen (1980) who additionally also list F. 
semitectum, C. lunata, C. protuberata, F. moniliforme and 
Helminthosporium spp. Diener eta!. (1981) found Curvularia, 
Penicillium, Mucor and Aspergillus to be the dominant 
genera in sorghum grain in Alabama. Burroughs & Sauer 
(1971) found that F. moniliforme was the best competitor in 
sorghum seed kept at 23% moisture while Lopez & Christen-
sen (1963) showed that only species of the Aspergillus 
glaucus group developed at moisture contents of 15-16%. 
Niles (1976) isolated 51 fungal species from sorghum grain 
stored in pits in Ethiopia while El-Shafie & Webster (1981) 
could isolate 43 seed-borne species from sorghum in the 
Sudan. They found Phoma sorghina, Drechslera rostrata, C. 
lunata, F. moniliforme, Aspergillus niger and Alternaria 
alternata to be the most common species. Hepperly et a!. 
(1982) found Alternaria alternata to be the most common 
species on sorghum in Puerto Rico. Doidge (1909) investi-
gating the mycoflora of sorghum beer in the RSA found 
Mucor rouxii to predominate. 
Methods 
Sorghum malt samples (65 commercial malts and 22 industrial 
malts) were collected from ten different commercial maltsters 
and three industrial maltsters over a period of three years. 
Samples (1 - 2 kg each) were dried at 45°C for 24 h on the day 
of collection and stored at ± 1 oc in linen bags until used. In 
some cases samples were randomly collected to reflect the 
average situation in a given production batch, whilst in other 
cases biased samples were taken of malt showing fungal 
infestation. 
After thorough rinsing in distilled water the malted kernels 
were surface sterilized (80:20 ethanol:water) for 3 min, 
rinsed three times in sterile water and plated out. Enumeration 
of fungi was done using both the dilution plate method as 
well as the direct or whole kernel method. Both methods 
were used because of the known problems concerning 
enumeration of fungi (Mislivec & Bruce 1977; Lacey eta!. 
1980; Flannigan 1973) . Direct plating was done using five 
surface sterilized kernels per petri dish (five plates per 
treatment). For dilution plates, comminution was done for 2 
min. Fifty grams of dried, surface sterilized malt kernels 
were milled to a fine flour in a coffee mill and 1 g material 
suspended in 10 ml sterile water. Plates were incubated in 
the dark at 25°C for 4-8 days and the resultant colonies of 
the dominant species were counted individually where 
possible. In many instances individual colonies of the 
dominant species were isolated in pure culture for identi-
fication. 
All samples were plated out (both dilution plates and 
whole kernels) on four different media: (i) Potato dextrose 
agar (Difco); (ii) Malt extract salt agar; (iii) Acidified 
Czapeks-Dox agar; (iv) Pentachloronitrobenzene agar (Nash 
& Snyder 1962). 
It was impossible to make counts of individual species of 
yeasts and all yeast species are grouped under yeasts. The 
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same holds true for certain other taxa such as Fusarium and 
Rhizopus. 
Table 1 Fungi isolated from sorghum malt 
Alternaria alternata (Fr.) Keissler 
Aspergillus candidus Link 
Aspergillus clavatus Desmazieres 
Aspergillus flavus Link 
Aspergillus flavus Link var. columnaris Raper et Fennell 
Aspergillus fumigatus Fresenius 
Aspergillus giganteus Wehmer 
Aspergillus glaucus Link 
Aspergillus nidulans (Eidam) Wint. 
Aspergillus niger Van Tieghem 
Aspergillus terreus Thorn 
Aspergillus ustus (Bain.) Thorn & Church 
Aspergillus versicolor (Yuill.) Tiraboschi 
Aspergillus wentii W ehmer 
Aureobasidium pullulans (deBary) Arnaud 
Candida albicans (Robin) Berkhout 
Candida chodati (Nechitch) Berkhout 
Candida krusei (Cast.) Berkhout 
Candida macedoniensis (Cast. et Chalmers) Berkhout 
Chaetomium spp. 
Curvularia lunata (Wakker) Boedijn 
Cylindrocarpon sp. 
Dictyostelium discoideum Raper 
Drechslera spp. 
Fusarium avenaceum (Fr.) Sacc. 
Fusarium chlamydosporum Wollenw. & Reinkingvar.fuscum Gerlach 
Fusarium concolor Wollenw. & Reinking 
Fusarium equiseti (Corda) Sacc. 
Fusarium chlamydosporum Wollenw. & Reinking 
Fusarium merismoides Corda 
Fusarium moniliforme Sheldon 
Fusarium moniliforme Sheldon var. subglutinans Wollenw. & Reinking 
Fusarium oxysporum Schlecht. 
Fusarium sambucinum Fuckel 
Fusarium scirpi Lambotte & Fautr 
Fusarium scirpi Lambotte & Fautr. var compactum Wollenw. 
Fusarium semitectum Berk. & Rav. 
Fusarium so/ani (Mart.) Sacc. 
Geotrichum spp. 
Gonatobotrys spp. 
Hansenula anomala (Hansen) H. et P. Sydow 
Helminthosporium spp. 
Kluyveromyces marxianus (Hansen) v.d. Walt 
Monodictys sp. 
Mucor circinelloides Van Tieghem 
Mucor indicus Lendner 
Oidiodendron spp. 
Penicillium spp. 
Penicillium islandicum Sopp 
Phoma sorghina (Sacc.) Boerema, Doren bosch & Van Kesteren 
Phoma spp. 
Piptocephalis tieghemiana Matruchot 
Rhizopus oryzae Went & Prinsen Geerligs 
Rhizopus rhizopodiformis (Cohn) Zopf 
Saccharomycopsis fibuligera (Lindner) Klocker 
Sclerotium rolfsii Sacc. 
Streptomyces spp. 
Syncephalis cornu Van Tieghem & Le Monnier 
Trichoderma viride Pers. ex Gray 
Trichothecium roseum (Pers.) Link ex Gray 
Yeasts 
S. Afr. J . Bot., 1984, 3(4) 
Results 
Sixty-one species of seed-borne fungi representing 29 genera 
were isolated from sorghum malt (Table 1) . The frequency 
of occurrence of the dominant taxa in commercial and 
industrial malt is shown in Tables 2 & 3. The dominant 
fungal taxa common to both commercial and industrial malt 
were: Saccharomyces spp., Rhizopus/ Mucorspp ., Fusarium 
spp., Aspergillus clavatus, A. flavus and Phoma sorghina. 
The Rhizopus species most commonly encountered were R. 
oryzae and R. rhizopodiformis whilst F. moniliforme, F. 
moniliforme var. subglutinans, F. chlamydosporum and F. 
oxysporum were the Fusarium species most often en-
countered. 
Fungal propagule counts, using the dilution plate method 
(Table 3) , showed that many malt samples were highly 
contaminated (counts above 50 000 propagules/ g). Both 
malt types showed high yeast counts, while commercial malt 
Table 2 Percentage commercial and industrial sorghum 
malt samples infested by the dominant fungal species 
(whole kernels) 
Commercial Industrial 
Isolates malta maltb 
Yeasts 86 100 
Rhizopus/ Mucorspp . 82 73 
Fusarium spp. 52 64 
Aspergillus clavatus 9 45 
Aspergillus flavus 29 23 
Phoma sorghina 8 36 
Alternaria alternata 26 14 
Oidiodendron spp. 8 18 
Aspergillus fumigatus 6 5 
Aspergillus niger 6 0 
Aspergillus glaucus 5 0 
Piptocephalis spp. c 3 0 
Sclerotium rolfsii 2 0 
Streptomyces spp. 2 0 
Trichoderma viride 2 0 
Gonatobotrys spp. 2 0 
a 65 samples b 22 samples c Parasitic on Rhizopus spp. 
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on average had a higher infestation of Rhizopus spp. than 
industrial malt . On the other hand , industrial malt on 
average had a higher infestation of A. clavatus than did 
commercial malt. 
The whole kernel method in some instances gave slightly 
different results from the dilution plate method (Tables 2 & 
3) . With both methods yeasts dominated but Rhizopus/ Mucor 
species showed relatively higher counts in industrial malt 
using the dilution plate method. The incidence of Fusarium 
species was approximately the same in both malt types using 
the whole kernel method whereas results of the dilution 
plate method showed a higher incidence in industrial than in 
commercial malt. Both methods showed a high incidence of 
A. clavatus in industrial malt . The whole kernel method 
showed a relatively higher frequency of occurrence of Phoma 
sorghina in industrial than in commercial malt , whereas with 
Alternaria alternata the highest frequency was found in 
commercial malt using this method . A larger variety of fungi 
could be detected in commercial than in industrial malt and 
some of these could only be detected using the whole kernel 
method. 
The fungal infestation of malt from three different maltsters 
is shown in Table 4. The malt from one producer (B) was 
comparatively mould-free most of the time, whilst that of 
maltster A was regularly heavily infested by Aspergillus 
clavatus. The malt produced by maltster C showed that it 
was frequently possible to produce malt free even from 
Rhizopus/ Mucor species, although the malt of this producer 
was regularly heavily contaminated with field fungi such as 
Phoma sorghina and Fusarium species. Species of the 
Aspergillus glaucus group (storage fungi) were found in a 
low percentage of commercial malt samples. 
Discussion 
Total fungal propagule counts using the dilution plate method 
showed that many malt samples were highly contaminated 
by fungi . Many of the dominant fungal species (yeasts, 
Rhizopus/Mucor spp., A. clavatus and probably A. fiavus) 
are fungi that develop mainly during the malting process. 
The source of primary inoculum is most probably to be 
found in poor house-keeping practices. Species of Fusarium, 
Phoma sorghina and Alternaria alternata are plant pathogens 
Table3 Percentage commercial and industrial sorghum malt samples infested by 
different fungal taxa at two contamination levels (dilution plates) 
Commercial matt• Industrial maltb 
>5 000 >50 000 >5 000 >50 000 
Species propagules/ g propagules/ g propagules/ g propagules/ g 
Yeasts 72 55 91 77 
Rhizopus/ Mucorspp. 55 38 18 9 
Fusarium spp. 17 12 32 18 
Aspergillus clavatus 3 3 27 18 
Aspergillus flavus 15 9 5 5 
Phoma sorghina 5 2 9 0 
Aspergillus fumigatus 5 3 5 5 
Geotrichum spp. 11 3 0 0 
Penicillium spp. 6 0 5 5 
Alternaria alternata 6 2 0 0 
Aspergillus glaucus 3 2 0 0 
a 65 samples; b 22 samples 
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Table4 Dominant fungus taxa in different industrial 
sorghum malt samples 
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SA217 J J J 
SA241 J J 
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c SA206 J J J J 
SA207 J J J 
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a > 75% kernels infected 
and are brought into the malting house on infected grain. It 
is not certain to what extent these fungi can develop during 
the malting process. It seems as if certain Fusarium species, 
e.g. F. moniliforme can be good competitors during the 
malting process . Aspergillus flavus may to a certain extent 
already be present on grain brought into the malt house. 
Commercial malt is infested by a larger variety of fungal 
species than industrial malt. Ordinarily one would not 
expect to find fungi such as Sclerotium rolfsii, Streptomyces 
sp., etc., in high concentrations on germinating seed. These 
species develop in commercial malt owing to poor house-
keeping procedures. Storage fungi, that is fungi that develop 
at relatively low water activities such as those belonging to 
the Aspergillus glaucus group, were found infrequently. 
A comparison of the dominant field fungi found on sorghum 
grain in other countries with those found locally in sorghum 
malt , shows that species belonging to the genus Drechslera 
was never found locally while Curvularia species occurred 
only infrequently. The frequent occurrence locally of F. 
moniliforme, Alternaria alternata and Phoma sorghina cor-
responds to results obtained in India and the USA. 
The toxicity of the species that occurred most frequently is 
being investigated. 
Acknowledgements 
We gratefully acknowledge the assistance of Dr W .F.O . 
Marasas of the South African Medical Research Council, Dr 
J.P. van der Walt of the CSIR and Dr M.A.A. Schipper of 
S.-Afr. Tydskr. Plantk., 1984, 3(4) 
the Centraalbureau voor Schimmelcultures for their help 
with the identification of Fusarium spp., yeasts and Mucorales, 
respectively. 
References 
ALOZIE, T.C. , ROTIMI , C.N. & OYIBO, B. B. 1980. Production 
of aflatoxin by Aspergillus fiavus (UBMI) in some Nigerian 
indigenous beverages and foodstuffs. Mycopathologia 
70: 125-128. 
BHALE, M.S. & KHARE, M.N. 1980. Significance of Curvularia 
lunata associated with Sorghum vulgare seeds . Phytopath. Z. 
99:357-361. 
BHAT, R.V. & RUKMINI , C. 1980. Mycotoxins in sorghum: 
Toxigenic fungi during storage and natural occurrence of T-2 
toxin . Proceedings of the International Workshop on Sorghum 
Diseases , December 11-15, 1978, Hyderabad, India. 
pp . 141 - 143. 
BURROUGHS, R. & SAUER, D.B. 1971. Growth of fungi in 
sorghum grain stored at high moisture contents. Phytopathology 
61: 767-772. 
CASTOR, L.L. & FREDERIKSEN, R.A. 1980. Fusarium head 
blight occurrence and effects on sorghum yield and grain 
characteristics in Texas. Pl. Dis. 64: 1017-1019. 
DIENER, U.L. , MORGAN-JONES, G ., WAGENER, R.E. & 
DAVIS, N.D. 1981. Toxigenicity of fungi from grain sorghum. 
Mycopathologia 75: 23-26. 
DOIDGE, E.M. 1909. The flora of certain kaffir beers . Transvaal 
Dept . of Agric., Agric. Sci. Bull. 5: 1-31. 
ELEGBEDE, J .A., WEST, E.C. & AUDU , A .A. 1982. Fungal 
and mycotoxin contamination of sorghum during storage in 
northern Nigeria. Microbios Letters 19: 77-84. 
EL-SHAFIE, A.E. & WEBSTER, J. 1981. A survey of seed-borne 
fungi of Sorghum bicolor from the Sudan. Trans. Br. mycol. Soc. 
77: 339-342. 
FLANNIGAN, B . 1973. An evaluation of dilution plate methods for 
enumerating fungi. Lab. Pract. 530-531. 
HEPPERLY, P.R., FELICIANO, C. & SOTOMAYOR, A. 1982. 
Chemical control of seed-borne fungi of sorghum and their 
association with seed quality and germination in Puerto Rico. 
Pl. Dis. 66: 902-904. 
organisms in stored grains: Their enumeration and significance . 
Trap. Stored Prod. Inf. 39: 19-32. 
LOPEZ, L.C. & CHRISTENSEN. C.M. 1963. Factors influencing 
invasion of sorghum seed by storage fungi. Pl. Dis. Repr 
47: 597-601. 
LOVELACE, C.E.A. & NYATHI, C.B . 1977. Estimation of the 
fungal toxins , zearalenone and aflatoxin contaminating opaque 
maize beer in Zambia. 1. Sci. Fd. Agric. 28: 288-292. 
MARTIN, P.M.D. & KEEN, P. 1978. The occurrence ofzearalenone 
in raw and fermented products from Swaziland and Lesotho. 
Sabouraudia 16: 15-22. 
MATHUR, S.K., MATHUR, S.B . & NEERGAARD, P. 1975. 
Detection of seed-borne fungi in sorghum and location of 
Fusarium moniliforme in the seed. Seed Sci. Techno/ . 3: 683-690. 
MISLIVEC, P.B. & BRUCE, V.R. 1977. Direct plating versus 
dilution plating in qualitatively determining the mold flora of dried 
beans and soybeans. J. Assoc. Off Anal. Chem. 60: 741-743. 
NASH, S.M. & SNYDER, W.C. 1962. Quantitative estimations by 
plate counts of propagules of the bean root rot Fusarium in field 
soils. Phytopathology 52: 567-572. 
NILES, E. V. 1976. The mycoflora of sorghum stored in underground 
pits in Ethiopia. Trap. Sci . 18: 115-124. 
NOVELLIE, L. 1968. Kaffir beer brewing, ancient art and modern 
industry. Wallerstein Labs Commun. 31: 17- 32. 
PETIT, R.E. & TABER, R .A. 1978. Fungi involved in the 
deterioration of grain sorghum. Misc. Pub/. Texas Agric. Exp. Sta . 
1375: 32-41. 
RAJ, J.N. & GUPTA, V.K. 1977. Seed mycoflora of Sorghum 
vulgare- some aspects of seed health testing. Indian J. Mycol. Pl. 
Pathol. 8: 113-121. 
S. Afr. J . Bot., 1984, 3(4) 
RUKMINI, C. & BHA T, R.V. 1978. Occurrence ofT -2 toxin in 
Fusarium-infested sorghum from India. J. agric. Fd Chern. 26: 
647-649. 
SAUER, D.B. , SEITZ, L.M., BURROUGHS, R. , MOHR, H.E., 
WEST, J.L. , MILLERET, R.J. & ANTHONY, H. D. 1978. 
Toxicity of Alternaria metabolites found in weathered sorghum 
grain at harvest. f. agric. Fd Chern. 26: 1380-1383. 
SCHROEDER, H.W. & HEIN, H. Jr. 1975. A note on zearalenone 
in grain sorghum. Cereal Chern. 52: 751-752. 
SEITZ, L.M. , SAUER, D.B ., MOHR, H.E. & BURROUGHS, 
R. 1975. Weathered grain sorghum: Natural occurrence of 
alternariols and storability of the grain. Phytopathology 65: 
1259-1263. 
SEITZ, L.M. , SAUER, D.B. , MOHR, H.E. , BURROUGHS, R. 
& PAUKSTELIS, J.V. 1975. Metabolites of Alternaria in grain 
255 
sorghum. Compounds which could be mistaken for zearalenone 
and aflatoxin. J. agric. Fd Chern. 23: 1-4. 
SHOTWELL, O .L. , BENNETT, G.A., GOULDEN , M.L. , 
PLATTNER, R.D. & HESSELTINE, C.W. 1980. Survey for 
zearalenone, aflatoxin and ochratoxin in U.S. grain sorghum from 
1975 and 1976 crops. J. Assoc. Off Anal. Chern. 63: 922-926. 
SWARUP, G., HANSING, E.D. & ROGERSON, C.T. 1962. 
Fungi associated with sorghum seed in Kansas. Trans. Kansas 
Acad. Sci. 65: 120-137. 
TRIPATHI , R.K. 1973. Aflatoxins in sorghum grains infected with 
head moulds. Indian!. exp. Bioi. 11 :361-362. 
URAIH , N. & OGBADU, G. 1980. Incidence of aflatoxin in 
Nigerian sorghum. Microbios Lett. 14: 29-31. 
VERMA , V.S. & KHAN , A.M. 1965. Fungi associated with 
sorghum seeds. Mycopath. Mycol. appl. 27: 314-320. 
